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Abstract  19 
Background 20 
Most research into the health benefits of human-animal interaction has focused on species 21 
that interact physically with humans, such as dogs. This may be unsuitable for certain 22 
populations for reasons including accessibility and the risk of negative consequences to both 23 
the person and the animal. However, some research has associated viewing fish in 24 
aquariums with positive well-being outcomes; as there is no physical contact with the animal, 25 
this form of interaction carries less risk. At present, little is known about the specific benefits 26 
of human-fish interaction.  27 
Objectives 28 
To explore current evidence relating to the psychological and physiological benefits of 29 
interacting with fish in aquariums.  30 
Methods 31 
Systematic searches were conducted to identify relevant primary research of any design. All 32 
forms of interaction were considered, including keeping fish as companion animals and fish 33 
aquarium-based interventions. “Non-live” alternatives, such as videos, were also considered. 34 
This review was conducted according to a registered protocol (PROSPERO ID: 35 
CRD42018090466). 36 
Results 37 
Nineteen studies were included. Two provided tentative evidence that keeping home aquaria 38 
is associated with relaxation. The remaining studies involved novel interactions with fish in 39 
home or public aquariums. Outcomes relating to anxiety, relaxation and/or physiological 40 
stress were commonly assessed; evidence was mixed with both positive and null findings. 41 
Preliminary support was found for effects on mood, pain, nutritional intake and body weight, 42 
 3 
 
but not loneliness. All studies had methodological issues and risk of bias was either high or 43 
unclear.   44 
Conclusions  45 
Review findings suggest that interacting with fish in aquariums has the potential to benefit 46 
human well-being, although research on this topic is currently limited. Future research 47 
should aim to address gaps in the evidence, such as whether and how the type of human-48 
fish interaction can influence well-being outcomes. Researchers should also aim to address 49 
the methodological concerns highlighted in this review. 50 
51 
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Introduction 52 
Interacting with non-human animals (hereafter “animals”) has been associated with a range 53 
of well-being benefits among humans. Companion animal guardianship has been linked with 54 
improved physical and psychological outcomes, including lower blood pressure [1,2], 55 
reduced risk of cardiovascular disease and lower rates of mortality [3,4], reduced loneliness 56 
[5], and increased emotional support during mental health crisis [6]. In fact, research has 57 
indicated that many people choose to keep companion animals for reasons associated with 58 
well-being, such as companionship, emotional support, and improved physical health [7,8]. 59 
Similarly, animal-assisted interventions (AAI) are initiated with the specific purpose of 60 
improving one or more aspects of human well-being; they include goal-oriented animal-61 
assisted therapies delivered by healthcare professionals, and animal-assisted activities 62 
which are often volunteer-led and may lack specific treatment goals [9]. These interventions 63 
have been used to support improvements in physical, psychological, and behavioural 64 
outcomes for a wide range of populations across the lifespan [10–14]. 65 
Despite these positive findings, research into the benefits of human-animal interaction (HAI) 66 
is far from conclusive. Some studies have shown no relationship, or a negative relationship, 67 
between keeping companion animals and physical or mental health outcomes [15–20]. 68 
Furthermore, as most research in this area is correlational it is difficult to determine 69 
causality; better health may increase the likelihood of adopting a companion animal, rather 70 
than the reverse [21], or health and companion animal guardianship may be linked by other 71 
factors, such as sociodemographic characteristics or health-related behaviours [19,22,23]. 72 
Similarly, while AAI are commonly perceived as beneficial, especially among those with a 73 
positive attitude towards companion animals, some authors suggest that these benefits have 74 
been overstated [24]. In reality, research concerning these interventions is frequently 75 
anecdotal or descriptive in nature, with high levels of heterogeneity in factors such as the 76 
type of animal, the nature of the interaction, and the setting [25,26]. Methodological issues 77 
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are also commonplace and include the absence of appropriate comparison groups, reliance 78 
on small samples, failure to randomise participants to conditions, and a lack of blinding for 79 
both participants and assessors [25–28]. It is therefore difficult to draw firm conclusions 80 
about the efficacy of these interventions [26–28].  81 
These inconsistencies are further confounded by a lack of consensus about the mechanisms 82 
through which HAI may improve human well-being [9]. Researchers have often referred to 83 
the biophilia hypothesis [29,30], which proposes that humans have an innate affiliation with 84 
other forms of life. This perspective suggests that because human evolution occurred almost 85 
exclusively in natural environments, people are predisposed to respond positively to aspects 86 
of nature that would have increased fitness in the ancestral environment, and negatively to 87 
those which would have decreased fitness [31]. For example, people typically respond 88 
positively to natural landscapes providing sources of food, water or shelter, and negatively to 89 
animals which pose a threat, such as spiders or snakes [31]. Although the biophilia 90 
hypothesis has been criticised for offering too broad a perspective and for lacking falsifiability 91 
[32], researchers have drawn on these ideas to develop theories with more explanatory 92 
power. For example, the biophilia-effect suggests that because the behaviour of animals is 93 
indicative of the presence or absence of threats in the environment, interaction with a calm 94 
or friendly animal may support human well-being by promoting relaxation and reducing 95 
physiological arousal [33,34]. 96 
Other popular explanations centre on the social support provided by companion animals. In 97 
the context of attachment theory [35–37] for example, humans are argued to form bonds 98 
with their companion animals which are comparable to those formed within close 99 
interpersonal relationships [38]. This theory suggests that humans form strong emotional 100 
attachments with certain individuals, or “attachment figures”. These attachments are 101 
characterised by the presence of proximity seeking behaviours, distress at separation, and 102 
the provision of unique emotional support that cannot be replicated within other interpersonal 103 
relationships. Although attachment theory originally focused on the relationship between an 104 
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infant and their primary caregiver (usually their mother), it was later expanded to incorporate 105 
the bonds which form in other close relationships, such as with siblings or romantic partners 106 
[39,40]. More recently, attachment theory has been applied to human-animal relationships, 107 
with findings suggesting that both the human and animal can serve as the attachment figure 108 
and provide feelings of comfort and safety during times of uncertainty or stress [20,38]. 109 
Furthermore, support provided by animals may be particularly effective, as it is unconditional 110 
and non-judgemental [41], and because physical touch – an important component of 111 
emotional support – is often discouraged with other humans but not with animals [42].   112 
Alternatively, HAI may operate via distraction, whereby attention is diverted away from a 113 
perceived stressor to lessen the experience of negative mental states; this may be of most 114 
relevance in the context of AAI [25]. Research has indicated that young children 115 
preferentially attend to images or videos of animals compared to non-living objects [43], and 116 
will choose to interact with real (but caged) animals over toys resembling those animals [44]. 117 
Similarly, adults have been found to more rapidly identify changes in the location of living 118 
targets (animals and people), compared to inanimate objects [45]. These findings suggest 119 
that animals may be particularly effective at attracting human attention. However, animals 120 
are not unique in being an effective source of distraction, and so similar benefits may be 121 
achieved through the use of alternative, and possibly more cost effective, stimuli [25,42].  122 
This brief overview is by no means exhaustive and several other theories have been 123 
proposed [9,33,42]. Despite these divergent approaches however, one model provides a 124 
framework which may potentially incorporate some, or all, of the above discussed 125 
mechanisms. The biopsychosocial model [46] proposes that health is a continuum 126 
influenced by interacting biological, psychological and social factors; changes in one factor 127 
may influence the others and in turn impact health. For example, psychosocial stresses may 128 
lead to physiological responses including increased heart rate and blood pressure, or 129 
reduced immune function. Ultimately, these responses may have a negative effect on health, 130 
resulting in increased morbidity and mortality [47,48]. Equally however, some psychological 131 
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and social factors may have a protective influence on health; higher levels of social support 132 
for example, have been linked to a reduced risk of cardiovascular disease [47]. In the 133 
context of this model, there are numerous ways in which interaction with companion animals 134 
may impact human health. For example, owning a dog may lead to improved health through 135 
increased physical activity, while animals may provide social support either directly, or 136 
indirectly by facilitating social interactions with other individuals [49,50]. Conversely however, 137 
the grief associated with the loss of a companion animal may have a detrimental effect on 138 
human well-being [50]. Thus, while the biopsychosocial model provides a potential 139 
framework for integrating multiple theories, it also highlights the likelihood that no one 140 
mechanism can account for the diverse effects of HAI. One area which warrants further 141 
consideration is whether the observed benefits are influenced by the type of animal involved 142 
in the interaction [26,51].  143 
Multiple reviews and meta-analyses have noted that dogs are the animal most frequently 144 
involved in AAI (although other species such as horses are also commonly involved) 145 
[10,12,51]. Similarly, much research into companion animals has focused on those animals 146 
that can interact physically with humans, such as dogs and cats [3,52]. This type of 147 
interaction may not however, be suitable among all populations. For instance, people in 148 
rented accommodation are often restricted in the types of companion animal they may keep 149 
in their home, and physical interactions may be inappropriate for people with declining health 150 
or limited physical capacity [52]. Similarly, dog-assisted (or similar) interventions often rely 151 
on volunteer services [51] and may require supervision of the client and animal to minimise 152 
risk, which can lead to infrequent and inconsistent exposure [53,54]. Issues may also arise 153 
where there is potential for aggression from the animal, where individuals have allergies, 154 
compromised immune systems, or phobias, or where contact with the animal could lead to 155 
accidental injury (e.g. scratches, falls) [51,55,56]. Animal welfare is also a concern, as some 156 
clients may behave aggressively or unpredictably towards the animal, or the animal may 157 
become stressed during the interaction [51,57]. Therefore, research into the effects of HAI 158 
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with less physically interactive animals is needed to determine whether benefits may be 159 
experienced.  160 
One form of HAI which has attracted relatively little investigation is the role of fish aquariums. 161 
Early research indicated a link between viewing fish in aquariums and benefits such as 162 
reduced blood pressure and increased relaxation [58–60], perhaps contributing to the 163 
widespread notion that aquariums are beneficial in healthcare settings [61]. More recently, 164 
research has linked interaction with fish in aquariums to outcomes such as reduced anxiety 165 
[62], increased tolerance to pain [63], and improvements in nutritional intake and body 166 
weight among residents of specialised dementia units [64,65]. As with HAI research more 167 
broadly, the mechanisms underlying these benefits are unclear. Research with people who 168 
keep home aquaria has indicated that some individuals consider their fish to be a source of 169 
companionship, and feel an emotional bond with the animals [52]; this suggests social 170 
support and attachment may play a role in the beneficial effects of human-fish interaction. 171 
However, while research has shown the presence of attachment behaviours in other human-172 
animal relationships, such as with dogs [66,67], it is not evident that fish exhibit behaviours 173 
such as proximity seeking or separation distress. Thus, while individuals may believe there 174 
to be an emotional bond between themselves and their fish, it is unclear whether this 175 
constitutes a true attachment bond as described by attachment theory [35–37]. Alternatively, 176 
watching fish swimming may simply be a source of distraction; this is supported by research 177 
which has shown positive physiological effects associated with viewing videos of animals, 178 
including fish [68].  179 
An alternative perspective still comes from theories concerning the restorative value of 180 
nature. These theories suggest that exposure to unthreatening nature can help restore 181 
depleted cognitive resources, and support rapid emotional and physiological recovery from 182 
stressful events [69]. Although most of this research has focused on natural or “green” 183 
landscapes, some studies have directly explored the role that encounters with wildlife play in 184 
human well-being. For example, research has suggested that many people feed wild birds 185 
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because doing so brings them pleasure [70], while watching wild birds feeding is associated 186 
with increased relaxation and connectedness to nature [71]. Similarly, improvements in self-187 
reported control, happiness, and activity were observed among a sample of nursing home 188 
residents who were given the responsibility of caring for a bird feeder, while no changes 189 
were observed among residents who did not receive such an opportunity [72]. Furthermore, 190 
research has suggested that for some individuals, wildlife encounters are a key motivation 191 
for visiting natural (coastal) environments [73], and are associated with a range of benefits to 192 
human psychological well-being [74]. Given that the ways in which people interact with birds 193 
and other forms of wildlife are similar to the ways in which people interact with fish in 194 
aquariums (i.e. the interaction is largely visual), it may be that watching fish swimming 195 
promotes human well-being because this activity provides exposure to unthreatening nature, 196 
leading to restoration.  197 
Irrespective of the mechanism, these findings suggest that human-fish interactions may be a 198 
viable alternative to more commonly researched forms of HAI. Furthermore, aquariums may 199 
overcome some of the issues associated with these forms of interaction. As a constant 200 
feature within the environment, fish aquariums are available to the client at any time and for 201 
as long as required, thus may provide greater flexibility in exposure than AAI which rely on 202 
visitation programmes [53]. Even other types of resident animal cannot provide constant 203 
interaction, as this would be detrimental to their welfare [51]. The monetary cost associated 204 
with installation and upkeep of a fish tank is also much smaller than that associated with 205 
other companion animals [51], although regular maintenance of the aquarium is needed, and 206 
requires an individual with knowledge of the necessary processes to ensure the welfare of 207 
the fish is not compromised. Aside from the person responsible for maintaining the fish tanks 208 
however, the passive nature of viewing fish in an aquarium means that even individuals with 209 
limited physical capacity are able to interact with the animals [52]. There are no significant 210 
risks from aggression or allergies, and fewer risks associated with accidental injury due to 211 
the lack of physical contact with the animal (although possible injury could be sustained 212 
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while installing or maintaining the tank, or if someone or something damages the tank, 213 
causing a break). While there is a small risk of bacterial infection associated with keeping 214 
home aquaria, this is rare and requires physical contact with the fish or water, so can be 215 
effectively minimised through careful hygiene practices [75].  216 
Despite the potential benefits however, research in this area is limited, and to date only one 217 
review has sought to explore the potential benefits of fish aquariums to human health and 218 
well-being [76]. However, this narrative review explored these benefits in the context of 219 
restorative environments and biodiversity, with a focus on the value of public aquariums; 220 
although there was reference to research conducted with home aquaria, this overview was 221 
not comprehensive. Furthermore, consideration should be given to the quality and strength 222 
of evidence when drawing conclusions from existing research findings; for this purpose, a 223 
systematic review of the literature is needed.   224 
Review questions 225 
Through a systematic review of the literature, this article aims to explore the psychological 226 
and physiological benefits of interacting with fish in aquariums. Given that previous research 227 
has highlighted potential benefits associated with viewing videos of fish [68], simulated or 228 
“non-live” alternatives will also be considered. The following research questions will be 229 
addressed:   230 
1. What influence does interaction with fish in aquariums (live or non-live) have on the 231 
psychological well-being of human participants?  232 
2. What influence does interaction with fish in aquariums (live or non-live) have on the 233 
physiological well-being of human participants? 234 
In addition, this review will aim to identify: 235 
 The attitudes of human participants regarding the benefits and challenges of interacting 236 
with fish in aquariums;  237 
 11 
 
 Any adverse effects which may be experienced by humans when interacting with fish in 238 
aquariums; 239 
 Any concerns regarding animal welfare which may be encountered during human 240 
interaction with fish in aquariums.  241 
Methods  242 
This systematic review was conducted according to a registered protocol (PROSPERO ID: 243 
CRD42018090466), and adhered to the Preferred Reporting Items for Systematic Reviews 244 
and Meta-analysis (PRISMA) statements [77]. Prior to commencing the review, the 245 
PROSPERO register was searched to ensure no similar reviews were currently underway; 246 
the following terms were used: “fish”, “aquarium”, “animal assisted intervention”, “animal 247 
assisted therapy”, “pet therapy”, “human-animal interaction” and “companion animal”.  248 
Search strategy  249 
Systematic searches conducted in January 2018 identified peer-reviewed evidence and grey 250 
literature on the topic of fish aquarium-based HAI. A four-step search strategy was 251 
developed through discussion between the authors, and consulting previous systematic 252 
reviews in the field of HAI.  Searches were conducted in the following electronic databases: 253 
Cumulative Index to Nursing and Allied Health Literature (CINAHL), Education Source, 254 
ERIC, Health Source – Nursing/Academic Edition, MEDLINE, PsycARTICLES, Psychology 255 
and Behavioural Sciences Collection, PubMed, SAGE Journals ONLINE, Science Direct, 256 
and Web of Science (Core Collection). Steps one to three involved identifying all records 257 
relating to 1) HAI and related theories, 2) relevant health and well-being outcomes, and 3) 258 
fish and/or aquariums. Steps one and two were conducted in all fields to maximise 259 
identification of relevant literature. However, as much research in this field is conducted with 260 
other species, step three was limited to title, abstract and keywords only (or the nearest 261 
alternative). Step four combined the results from these searches; an example search 262 
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strategy is shown in Table 1. Results from electronic databases were supplemented with 263 
searches in Google Scholar, EThOS, and websites on HAI (WALTHAM Science, HABRI-264 
Central, and Animals and Society Institute), and by hand-searching the reference lists of 265 
included studies and relevant review articles for additional references.  266 
Table 1. Example search strategy (PubMed) 267 
Step 1 
(all 
fields): 
#1 "human?animal interaction" 
#2 "human?animal relationship" 
#3 "human?animal bond" 
#4 "animal?assisted intervention" 
#5 "animal?assisted therap*" 
#6 "animal?assisted activit*" 
#7 "pet therap*" 
#8 "pet?facilitated therap*" 
#9 "pet?interaction" 
#10 "pet ownership" 
#11 "companion animal" 
#12 attachment 
#13 biophilia 
#14 biopsychosocial 
#15 “social support” 
#16 “social mediation” 
#17 “prepared learning theory” 
#18 “self-efficacy” 
#19 modelling 
#20 “role theory” 
#21 “polyvagal theory” 
#22 “attention restoration theory” 
#23 “stress recovery theory” 
#24 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 
OR #8 OR #9 OR #10 OR #11 OR #12 OR 
#13 OR #14 OR #15 OR #16 OR #17 OR #18 
OR #19 OR #20 OR #21 OR #22 OR #23  
Step 2 
(all 
fields): 
#25 health 
#26 well?being 
#27 anxiety  
#28 arousal 
#29 stress 
#30 relaxation 
#31 "quality of life" 
#32 "life satisfaction" 
#33 restoration 
#34 recovery 
#35 pain 
#36 loneliness 
 13 
 
#37 #25 OR #26 OR #27 OR #28 OR #29#31 OR 
#32 OR #33 OR #34 OR #35 OR #36  
Step 3 
(title/ 
abstract): 
#38 aquarium 
#39 "aquatic environment" 
#40 aquaria 
#41 “fish” 
#42 “fish tank” 
#43 #38 OR #39 OR #40 OR #41 OR #42 
Step 4: #44 #24 AND #37 AND #43  
Inclusion criteria  268 
Based on preliminary searches, research in this area was anticipated to be both limited in 269 
quantity and varied in design. Therefore, the inclusion criteria were deliberately broad to 270 
incorporate the full scope of research related to effects of interacting with fish in aquariums 271 
on human health and well-being. The inclusion criteria were as follows:  272 
Participants: there was no limitation on the participant populations of included studies. 273 
Studies involving both healthy and clinical samples of any age were included.  274 
Intervention/exposure: any form of human interaction with fish in aquariums was included, 275 
from passive exposure to fish tanks, actively viewing fish swimming, to caring for fish in 276 
aquariums. Non-live alternatives (e.g. videos) were also considered. There were no 277 
limitations regarding the length, frequency or duration of exposure, or the setting. Studies 278 
were not excluded on the basis that other animals (e.g. corals) were also present in the 279 
aquariums.  280 
Comparator: studies both with and without a control group were included. For those with a 281 
control group, any type of comparator was considered, including no treatment controls, 282 
alternative AAI, and alternative interventions without animal involvement.    283 
Outcomes: the primary outcomes were psychological (e.g. anxiety, depression, behaviour 284 
change, social interaction) and physiological (e.g. blood pressure, heart rate, motor skills) 285 
well-being. Secondary outcomes were any adverse events experienced by human 286 
participants and any issues regarding animal welfare; participants’ attitudes towards human-287 
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fish interaction were also considered, such as any benefits or limitations they had observed, 288 
or any evaluations of fish aquarium-based interventions.  289 
Study Design: included studies were limited to primary research, but there were no 290 
limitations on study design; both quantitative and qualitative studies were included. 291 
Exclusion criteria 292 
Research was limited to articles published in the English language, with no limitations on 293 
date of publication. To enhance the quality of included studies, articles were limited to those 294 
published in peer reviewed journals and doctoral theses. Only research involving live fish or 295 
non-live alternatives (e.g. videos of fish) was included. Research relating to the health 296 
benefits of fish consumption, studies involving invasive research conducted on fish, and 297 
those relating to fishing/angling were excluded. 298 
Study selection 299 
The study selection process is outlined in Fig 1. All records identified via electronic 300 
databases (n = 7248) were exported into a single EndNote library and duplicates were 301 
removed. All remaining records (n = 6978) were then screened for inclusion in a two-stage 302 
process. Initially, the titles and abstracts of all records were assessed for relevance by two 303 
independent reviewers (HC/KS); the full-text of all remaining articles was then obtained and 304 
screened against the inclusion/exclusion criteria by two independent reviewers (HC/SV). At 305 
each stage, disagreements were resolved through discussion. Hand-searching of reference 306 
lists and supplementary searches on Google Scholar, EThOS, and HAI websites were also 307 
conducted to identify any additional studies of relevance (n = 69). The full-text of two 308 
records, including one unpublished thesis, could not be accessed and attempts to identify up 309 
to date contact details for the authors were unsuccessful, so these studies could not be 310 
included in the review. A third record (an unpublished thesis) could not be included for 311 
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copyright reasons, as attempts at gaining the author’s permission to cite the research were 312 
unsuccessful.  313 
Fig 1. PRISMA flow diagram of study selection 314 
Data extraction & quality appraisal 315 
Data from included studies were extracted by two independent reviewers (HC/SV) using a 316 
purpose-developed data extraction form (see S3 Appendix). The following data were 317 
extracted: general information (author, year, publication type and source, country, funding, 318 
conflicts of interest); study details (aims/objectives, dates of data collection, theoretical 319 
framework); methods (design, participant recruitment and characteristics, intervention, 320 
control, allocation to conditions, setting/context, primary outcomes, secondary outcomes); 321 
results (method of analysis, psychological outcomes, physiological outcomes, secondary 322 
outcomes); author conclusions; and reviewer comments. All discrepancies were resolved 323 
through discussion. To reflect the inclusion of both quantitative and qualitative research, risk 324 
of bias was assessed using the National Institute for Health & Care Excellence (NICE) 325 
Quality Appraisal Checklists for quantitative intervention studies, quantitative studies 326 
reporting a correlation, and qualitative studies [78]. Quality appraisal was conducted by two 327 
independent reviewers (HC/SV) and disagreements were resolved through discussion.  328 
Reporting bias  329 
To assess for selective reporting of outcomes, the methods section of included studies was 330 
compared to the presented results to identify any discrepancies and determine whether an 331 
adequate description of the results was provided. As no studies were conducted according 332 
to a published or registered protocol, it was not possible to draw comparisons between the 333 
study protocols and published results. Furthermore, as there was much heterogeneity in 334 
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study outcomes it was not possible to assess for publication bias using funnel plots, as this 335 
is not recommended for use on outcomes assessed in fewer than ten studies [79].  336 
Strength of evidence  337 
The strength of the evidence was assessed using the Weight of Evidence approach [80] for 338 
each of the two review questions independently. This approach involves assessing each 339 
study against four criteria. Weight of Evidence A is a generic assessment of study quality, 340 
while Weight of Evidence B and C are review-specific, and relate respectively to the 341 
appropriateness of the research design and the relevance of the evidence in addressing the 342 
review question(s). The final criterion (Weight of Evidence D) is an overall assessment of the 343 
extent to which the study addresses the review question(s), and was calculated as the most 344 
common rating from the first three criteria (where assessments were “low”, “medium” and 345 
“high” for the first three criteria, an overall weighting of “medium” was given). Assessments 346 
were made independently by two reviewers (HC/SV), with all disagreements resolved 347 
through discussion.  348 
Results  349 
Nineteen studies published in eighteen articles met the inclusion criteria and were included 350 
in the review (see Tables 2 and 3 for overview of included studies). All studies were 351 
published as peer reviewed journal articles, with publication years ranging from 1984 to 352 
2017. Two articles [54,65] reported research conducted as part of the same project but it is 353 
unclear whether the same sample was used for both studies; as the articles reported 354 
different outcomes they were treated independently in this review. Most research was 355 
conducted in the USA (n = 11), with four studies conducted in the UK and one each in 356 
Germany, France, Taiwan and Australia. 357 
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Table 2. Summary of study characteristics of included studies 358 
First author 
and year 
Design 
Participants 
Aquarium  
Intervention(s) 
Comparator(s) Setting (Country) 
Population 
Total 
sample 
size (n) 
Age (Mean)  
Gender  
(% 
female) 
Fish as companion animals  
Kidd 1999 
[81] 
Survey Pet fish owners 100 37.1 years 50% - - 
Not applicable 
(USA) 
Langfield 
2009 [52] 
Phenomenological 
study, in-depth 
interviews 
Pet fish owners 9 34.9 years 33% - - 
Not applicable 
(Australia) 
Correlational studies 
Lin 2013  
[82] 
Survey 
Medical directors at 
accredited hospitals  
737 49 years 8% 
Presence of aquarium in 
workplace 
Presence of other 
interior amenities (indoor 
plants; music; art and 
exhibitions; private or 
personalised spaces) 
Accredited hospitals  
(Taiwan) 
Intervention studies  
Barker 2003 
[53] 
Within-subjects  
(“crossover”) study 
Patients awaiting 
electroconvulsive 
therapy treatment 
42 (only 30 
included in 
analysis) 
48.4 years 74% 
10-gallon aquariums containing 
around five African cichlids, 
approx. 20-minutes of passive 
exposure (n = 30) 
No aquarium (n = 30) 
Holding/waiting 
rooms at outpatient 
treatment centre 
(USA) 
Buttelmann 
2014 [62] 
Between-subjects 
study without 
randomisation 
Undergraduate 
students 
71 22.5 years 92% 
Five-minute interaction with one 
veiltail goldfish in 5.5l goldfish 
bowl, to “try and accustom it to 
humans” (n = 18) 
Five-minute interaction 
with dog (n = 18) or 
plant (n = 17), or no 
activity (n = 18) 
University laboratory 
(Germany) 
Cole 2000 
[83] 
Before-and-after 
pilot study 
Patients awaiting heart 
transplantation 
10 55.9 years 20% 
15-gallon saltwater tank 
containing four colourful fish,  
11 days (n = 10) 
- Hospital rooms (USA) 
DeSchriver 
1990 [84] 
Between-subjects 
study with 
randomisation  
Older adults in publicly 
subsidised housing 
27 
Median per 
condition = 
73-76 years 
78% 
Eight-minutes viewing 10-gallon 
tank with nine fish (2 black 
mollies, 2 red wag swordtails, 2 
gold wag moons, 2 pineapple 
swordtails, 1 catfish) (n = 9), or 
video of tropical fish in an 
aquarium (n = 9) 
Eight-minutes viewing 
“placebo” video of 
television lines/static (n 
= 9) 
Purpose-built 
laboratory in publicly 
subsidised housing 
complex (USA) 
Edwards 
2002 [64] 
Interrupted time-
series with non-
equivalent control 
Residents of 
specialised dementia 
units 
62 80.1 years 61% 
Aquariums containing eight 
large colourful fish, up to four 
months (n = 62) 
Scenic ocean picture, 
two weeks (n = 17)  
Dining rooms of 
specialised dementia 
units (USA) 
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Edwards 
2013 [65] 
Interrupted time-
series 
Residents of 
specialised dementia 
units 
70 82.2 years 74% As above (n = 70) - As above 
Edwards 
2014 [54] 
Before-and-after 
study 
Residents of 
specialised dementia 
units 
72 80.3 years 71% 
Aquariums containing eight to 
ten large colourful fish, 10 
weeks (n = 72) 
- As above 
Staff of specialised 
dementia units 
71 NR 82% 
Aquarium as above, 10 weeks 
(n = 71) 
- As above 
Katcher 1984 
[85] 
Between-subjects 
study with 
randomisation 
Patients undergoing 
elective dental surgery 
42 NR NR 
40-minute contemplation of 
aquarium with (n = 8) or without 
(n = 8) hypnosis 
40-minute contemplation 
of poster with (n = 8) or 
without (n = 8) hypnosis, 
or no intervention (n = 
10) 
Dental surgery (USA) 
Maranda 
2015 
[86] 
Pilot Randomised 
Control Trial  
Adolescents with type 
1 diabetes mellitus  
29 14.2 years 64%  
Fishbowl containing Betta 
splendens fish, and instructions 
to pair diabetes self-
management tasks with daily 
and weekly fish care duties, 
approximately 3 months 
Usual care (n = 12) At home (USA) 
Riddick 1985 
[60] 
Between-subjects 
study without 
randomisation 
Older adults in publicly 
subsidised housing  
24 
Range 57-
94 years 
71% 
2.5-gallon tanks containing two 
goldfish, plus nine visits from 
researcher over six-months  
(n = 7) 
Ten visits from the 
researcher over six-
months (n = 8), or no 
intervention (n = 7) 
Publicly subsidised 
housing (USA) 
Sanchez 
2015 [63] 
Before-and-after 
study with control 
group 
Students/trainees in 
paediatric 
orthopaedics 
69 28.2 years 58% 
30-minutes viewing 265-gallon 
saltwater aquarium with >25 
fish, including several species of 
surgeonfish (n = 69) 
30-minutes viewing 
white wall (n = 12) 
Hospital waiting room 
(France) 
Wells 2005 
[68] 
Between-subjects 
study with 
randomisation 
University students 100 19.7 years 42% 
10-minute video of 10 neon 
tetras swimming in a tank (n = 
20) 
10-minute video of birds 
in an aviary, primates in 
a zoo enclosure, a 
popular soap opera, or a 
blank screen (all n = 20) 
University laboratory 
(UK) 
Public aquariums  
Cracknell 
2016 [87] 
Between-subjects 
study, quasi-
experimental 
University students 84 24 years 76% 
10-minutes viewing above 
exhibit when fully stocked (n = 
29) or partially stocked (n = 26) 
10-minutes viewing 
exhibit when unstocked 
(n = 29) 
Public aquarium 
exhibit (UK) 
Cracknell 
2017, Study 1 
[61] 
Within-subjects 
study 
University students 39 19.5 years 74% 
Images of public aquarium 
exhibits (n = 39) 
Images of built, green, 
aquatic or sub-aquatic 
environments (all n = 39) 
University laboratory 
(UK) 
 19 
 
Cracknell 
2017, Study 2 
[61] 
Within-subjects 
study 
University students 40 20.8 years 68% 
Images of public aquarium 
exhibits differing in species 
richness, abundance of 
individuals, and content 
(tropical/temperate) (all n = 40) 
- 
University laboratory 
(UK) 
Sahrmann 
2016 [88] 
Before-and-after 
study 
General public 165 
Range 18-
68 years 
72% 
10-minute interaction with 
stingrays at touch-tank (n = 165) 
- 
Public aquarium 
exhibit (USA) 
NR: not reported 
Table 3. Summary of key findings of included studies  359 
First author 
and year 
Procedure 
Psychological  
outcomes 
Physiological  
outcomes 
Risk of 
bias* 
Fish as companion animals 
Kidd 1999 [81] 
Customers of shop selling fish and 
aquarium equipment completed survey. 
Benefits of aquarium ownership: reported by 94% of 
respondents and included relaxation (n = 47), watching 
movements (n = 32), stress reduction (n = 23), 
companionship (n = 5), entertainment (n = 4) and education 
(n = 1). 
- - 
Langfield 2009 
[52] 
Semi-structured interviews conducted 
with current pet fish owners; the data 
were analysed using the constant 
comparison method.  
Four themes identified: reasons for owning fish as pets; the 
environment; caring for pet fish; and benefits and limitations 
of owning fish as pets.  
- + 
Correlational studies  
Lin 2013 
[82] 
Medical directors from all accredited 
hospitals in Taiwan were mailed a 
questionnaire, which assessed patient-
related work stress, the presence of five 
interior amenities in the workplace 
(including aquariums), and self-rated 
health status.  
Self-rated health (compared to same age population, 
compared to medical peers, short-term health complaints, 
long-term health complaints): no relationship between 
presence of an aquarium in the workplace, and any 
dimension of self-rated health was found.  
Self-rated health (short-term health complaints, long-
term health complaints): no relationship between 
presence of an aquarium in the workplace, and any 
dimension of self-rated health was found.  + 
Intervention studies  
Barker 2003 
[53] 
Patients assigned to rooms with/without 
aquarium on subsequent visits. 
Physiological outcomes assessed 
immediately after assignment and before 
treatment, psychological outcomes 
assessed before treatment only. 
Anxiety, depression, fear & frustration (VAS): no significant 
differences between aquarium and no aquarium conditions; 
trend towards a greater reduction in anxiety in the aquarium 
condition (p = 0.08).  
HR/DBP/SBP: no significant differences found between 
aquarium and no aquarium condition before or after 
treatment.  
+ 
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Buttelmann 
2014 [62] 
Participants about to give spontaneous 
presentation interacted with 
fish/dog/plant/nothing for 5-minutes. 
Outcomes assessed at baseline, 
following induction of anxiety (being 
informed of the presentation task) and 
after the interaction. 
Anxiety (STAI-S): reduced significantly more in fish, dog and 
plant groups than no activity group; no significant differences 
between experimental groups. More participants in the dog 
group experienced a reduction to below baseline levels than 
those in control group; no differences between other groups.  
Laughter (yes/no): more participants in the dog group 
laughed during the intervention that in all other groups; no 
differences between the other groups.  
DBP/SBP: NR as influenced by participants’ 
movement/speech. 
- 
Cole 2000 [83] 
Aquariums installed into the hospital 
rooms of patients awaiting heart 
transplantation. Outcomes assessed at 
baseline then after 3 and 11 days.  
Anxiety, depression, hostility, dysphoria, sensation seeking 
& positive affect (MAACL-R): no significant differences 
between baseline and follow-up.  
- - 
DeSchriver 
1990 [84] 
Participants seated comfortably and 
watched live fish/fish video/placebo 
video for eight minutes. An emotive 
article was read aloud to induce stress. 
Outcomes assessed every minute during 
procedure. 
Treatment evaluation (adapted LSS): all conditions were 
perceived as equally relaxing. 
HR, skin temperature (°F), muscle tension (µV): no 
significant differences between conditions. 
- 
Edwards 2002 
[64] 
Aquariums/picture installed into dining 
rooms of specialised dementia units. 
Nutritional intake assessed daily for two 
weeks before and after installation, then 
weekly for six weeks. Body mass 
assessed at baseline then monthly for 
four months.  
- 
Nutritional intake (grams consumed/meal): significantly 
increased in two weeks after installation, then again in 
following six weeks. No significant changes in control 
group two weeks after installation.  
Body mass (lbs): significantly increased in month after 
installation, then continued to increase until end of study 
(total M gain = 1.65lb). 
- 
Edwards 2013 
[65] 
Aquariums installed into dining rooms. 
Nutritional intake assessed daily for two 
weeks before and after installation, then 
weekly for six weeks. Average body 
mass was calculated for three months 
prior to installation (baseline), the 
intervention period (weeks 3-5), and 
follow-up (week 10 to 3-months post-
intervention).  
- 
Nutritional intake (grams consumed/meal): significantly 
increased in the two weeks after installation, but not in 
following six weeks.  
Body mass (lbs): significantly increased from baseline to 
intervention but not from intervention to follow-up (total 
M gain = 2.2lbs). 
- 
Edwards 2014 
[54] 
Aquariums installed into dining rooms 
and outcomes assessed at baseline and 
after 10 weeks.   
BPSD (Nursing Home Disruptive Behaviour Scale): 
significant improvements on domains of uncooperative, 
irrational, sleep and inappropriate behaviours but not 
annoying or dangerous behaviours. Significant overall 
improvement.  
Job satisfaction (Assessment of Work Environment Scale): 
significantly improved following introduction of the aquarium.  
- - 
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Katcher 1984 
[85] 
Participants received intervention 
immediately prior to treatment. 
Physiological measures assessed 
throughout intervention/procedure; 
psychological measures assessed 
during/after procedure.  
Treatment comfort (Treatment Comfort Index): patients rated 
comfort as significantly higher after aquarium contemplation 
than poster contemplation. Also higher in both aquarium 
groups and the poster with hypnosis group than the no 
contemplation group.  
Anxiety (assessed by blind observer using a checklist) & 
patient compliance (assessed by dentist): no significant 
effect of aquarium observed.  
DBP/SBP: no significant differences during intervention 
or procedure.  
HR: NR.  
- 
Maranda 2015  
[86] 
Participants obtained pet fish and were 
instructed to pair twice daily feeds with 
blood glucose readings, and weekly 
water changes with a parental review of 
their glucose logs. Outcomes assessed 
at baseline and follow-up (approximately 
3 months).  
Quality of life (PedsQoL Generic and Diabetes modules): no 
significant effects were found for generic or health-related 
quality of life.  
Glycaemic control (A1C): significant reduction in A1C 
level for those in the intervention group compared to 
those in the control group. Younger participants (10-13 
years) had a significantly greater response to the 
intervention than older participants (14-17 years). 
+ 
Riddick 1985 
[60] 
Aquarium/visitor interventions were 
provided over six months. Outcomes 
were assessed via interview at baseline 
and six months. 
Leisure satisfaction (LSS): no significant difference between 
groups; one component (relaxation) bordered on significance 
(p = 0.06).  
Loneliness (UCLA Loneliness Scale), happiness (MUNSH), 
anxiety (STAI-T): no significant differences between groups.  
DBP: analysed as change from baseline to six-months 
for each group separately, due to differences at 
baseline. Only aquarium group underwent significant 
reduction.  
SBP: no significant differences between conditions.  
- 
Sanchez 2015 
[63] 
Participants watched aquarium 
continuously for 30-minutes. Outcomes 
assessed at 5, 10, 20 and 30-minutes, 
then at 10-minutes post-viewing. 
- 
Pain threshold (measured using electrical stimulation 
device): significantly higher 5, 10, 20, and 30-minutes 
after viewing, compared to the initial values and 
remained elevated 10-minutes after viewing ended. No 
significant changes in the control condition. 
- 
Wells 2005 
[68] 
Participants watched one of the videos 
for 10-minutes then completed a reading 
aloud task designed to induce stress. 
Outcomes assessed at baseline (phase 
1), after watching video (phase 2), and 
after reading task (phase 3). 
- 
HR/SBP: significantly lower in phase 3 in animal video 
groups compared to control video groups. No difference 
between animal videos groups. 
DBP: significantly lower in phases 2 & 3 in animal video 
groups compared to control video groups. No difference 
between animal videos groups. 
+ 
Public aquariums  
Cracknell 
2016 [87] 
Participants viewed aquarium exhibit for 
10-minutes; outcomes were assessed at 
baseline, 5-minutes and 10-minutes.  
Valence (Feeling Scale): a significant effect of time showed 
that valence increased with viewing; there was no significant 
effect of stocking level. 
Arousal (Felt Arousal Scale): a significant effect of time 
showed that arousal significantly decreased with viewing; 
there was no significant effect of stocking level. 
DBP/SBP: no significant differences were found between 
different stocking levels.  
HR: a significant effect of stocking level indicated that 
participants in the two stocked conditions had greater 
reductions in HR than those in unstocked condition.   
 
- 
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Cracknell 
2017, Study 1 
[61] 
Participants viewed each image and 
rated them on four dimensions.  
Attractiveness, willingness to display & affect: built 
environments rated lower than all others, aquatic 
environments and aquariums rated highest.  
Perceived restorativeness: built environments rated lower 
than all others, aquariums rated higher than sub-aquatic and 
green environments, aquatic environments rated higher than 
aquariums.  
- + 
Cracknell 
2017, Study 2 
[61] 
As above. Attractiveness, willingness to display, affect & perceived 
restorativeness: vertebrates rated higher than invertebrates; 
tropical exhibits rated more highly than temperate exhibits; 
high abundance rated higher than low abundance; high 
species richness rated higher than low species richness in 
tropical scenes but lower in temperate scenes.  
- + 
Sahrmann 
2016 [88] 
Participants interacted with stingrays at 
the touch-tank. Physiological outcomes 
assessed throughout, psychological 
outcomes assessed pre- and post-
interaction.  
Hedonic tone: significantly improved from pre- to post-touch.  
Energetic arousal: significantly increased from pre- to post-
touch. 
Tense arousal: significantly decreased from pre- to post-
touch.  
(All assessed using the UMACL) 
HR: significant quadratic trends showed that HR became 
more elevated and less variable during touch, then 
began to return to normal towards the end of the touch 
period (but did not reach baseline levels).  
- 
NR: not reported; BPSD: behavioural and psychological symptoms of dementia; DBP: diastolic blood pressure; HR: heart rate; LSS: Leisure Satisfaction Scale; MAACL-R: Multiple Affect Adjective 
Checklist-Revised; MUNSH: Memorial University of Newfoundland Scale of Happiness; SBP: systolic blood pressure; STAI-S: State-Trait Anxiety Inventory State Scale; STAI-T: State Trait Anxiety 
Inventory Trait Scale; UMACL; University of Wales Institute of Science and Technology Mood Adjective Checklist; VAS: visual analogue scales 
*Risk of bias was assessed using the NICE (2012) Quality Appraisal Checklists for quantitative intervention studies and qualitative studies. ++ indicates all/most criteria were fulfilled and conclusions 
are unlikely to alter; + indicates some criteria were fulfilled and conclusions are unlikely to alter; - indicates few or no checklist criteria were fulfilled, and conclusions are likely or very likely to alter.  
360 
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The broad inclusion criteria meant there was substantial clinical and methodological 361 
heterogeneity between included studies, and so statistical meta-analysis was deemed 362 
inappropriate. Therefore, a narrative synthesis of the evidence was conducted using 363 
techniques described by Popay et al. [89]. A preliminary synthesis was developed using 364 
textual descriptions, tabulation, groupings and clusters; the relationships within and between 365 
studies were then explored through qualitative case descriptions and the use of idea 366 
webbing/conceptual mapping. The robustness of the synthesis was assessed by reflecting 367 
on the methods used in the review, and by considering the quality of included studies and 368 
the strength of the evidence. Findings from studies conducted with existing home aquaria 369 
owners (n = 2), and those using correlational designs (n = 1), are discussed independently 370 
from those involving novel interactions with fish in aquariums (n = 16); as four studies in the 371 
latter group related specifically to public aquariums they are also considered separately.  372 
Fish as companion animals 373 
Two studies were conducted with individuals who currently kept fish as companion animals 374 
to gain an understanding of their experiences. One was a phenomenological study which 375 
explored experiences of pet fish ownership through in-depth interviews (n = 9, M age = 34.9 376 
years, 33% female) [52], while the second utilised a survey design and provided descriptive 377 
statistics on qualitative aspects of keeping home aquaria (n = 100, M age = 37.1 years, 50% 378 
female) [81]. Both studies identified relaxation and stress reduction as potential benefits of 379 
keeping fish as companion animals; this appeared to be primarily associated with watching 380 
the movements of the fish, although the sound of running water was also mentioned by 381 
some participants in one study [52]. Companionship was also identified as a potential benefit 382 
of keeping fish, although this was experienced to a much lesser extent than relaxation, with 383 
only a minority (5%) of participants in one study reporting this benefit. Other benefits 384 
associated with keeping fish included happiness [52], entertainment, and education [81]. A 385 
small number of participants (6%) in one study viewed their fish tanks as room decoration 386 
only [81]. Limitations to keeping fish were also identified. In one study, it was noted that fish 387 
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cannot provide the same level of emotional support as other types of animal, and that 388 
participants had to deal with the death of their animals on a regular basis [52]. These factors 389 
were associated with variation in the level of attachment participants felt to their fish, with 390 
some reporting being highly attached, and others viewing their fish as replaceable [52]. 391 
Other limitations that were identified were associated with the maintenance, cost and time 392 
commitments of keeping home aquaria. 393 
Correlational studies  394 
One study used a correlational design to assess whether the presence of aquariums in the 395 
workplaces of hospital medical directors was associated with their self-rated health. 396 
Participants (n = 737, mean age = 49 years, 8% female) were mailed a questionnaire to 397 
assess their patient-related work stress, and the presence of five interior amenities 398 
(aquariums, indoor plants, music, art and exhibitions, and private or personalised 399 
workspaces) within their working environment. Four dimensions of self-rated health were 400 
also assessed, specifically: how participants rated their own health against that of the same 401 
age population and their medical peers, and their experience of various health complaints 402 
during the past month (short-term) and six months (long-term). Both physiological and 403 
psychological health complaints were included. The analyses indicated that after controlling 404 
for personal characteristics, work status and work stresses, the presence of interior 405 
amenities was associated with an improvement in participants’ self-rated health. However, 406 
the presence of aquariums alone was not significantly related to any dimension of medical 407 
directors’ self-rated health.  408 
Intervention studies  409 
Sixteen studies involved novel interactions with fish in aquariums, however, four of these 410 
related specifically to public aquariums so are discussed separately below. Of the twelve 411 
remaining studies, three involved student or trainee samples [62,63,68] and nine involved 412 
clinical populations, specifically: residents of specialised dementia units [54,64,65], dental 413 
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patients [85], electroconvulsive therapy patients [53], hospitalised patients awaiting heart 414 
transplantation [83], older adults [60,84], and adolescents with type 1 diabetes mellitus [86]. 415 
One study also explored how staff were affected by the intervention [54]. Most studies 416 
involved adult populations, and where reported, mean ages ranged from 19.7 to 82.2 years, 417 
although student samples were typically younger than those drawn from clinical populations. 418 
One study involved adolescents and reported the mean age to be 14.2 years. All samples 419 
included male and female participants (20 to 92% female), with the exception of one study 420 
which did not report gender [85]. Ethnicity was reported in four studies; in three cases the 421 
sample was predominantly Caucasian (72.8 to 98.5%) [54,64,65]; the fourth consisted 56% 422 
Caucasian and 44% African American in the intervention group, and 33% Caucasian, 58% 423 
African American, and 9% other ethnicity in the control group [86]. Estimates of socio-424 
economic status were reported in five studies; two reported level of education (65 to 68% 425 
high school educated or above) [54,64], one reported marital status (43% married) [53], one 426 
reported ZIP code-based annual household income (intervention group: $54,800; control 427 
group: $51,800) [86], and one reported that all participants qualified for “low income” publicly 428 
subsidised housing [60]. 429 
There was substantial variation in study setting and design. Two studies were conducted in 430 
university laboratories [62,68], one in a purpose-built laboratory in a housing complex [84], 431 
one in a hospital waiting room but under laboratory conditions [63], two in participants’ 432 
homes [60,86], and six in clinical or therapeutic settings [53,54,64,65,83,85]. Design of 433 
studies included before-and-after studies [54,83]; controlled before-and-after studies [63]; 434 
interrupted time series with [64] or without [65] control groups; within-subjects or crossover 435 
studies [53]; between-subjects studies with [68,84,85] or without [60,62] randomisation; and 436 
a pilot randomised control trial [86]. Where comparators were used they included no 437 
treatment or usual care controls, viewing alternative stimuli such as posters, and interacting 438 
with other animals (see Table 2 for further details).  439 
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The majority of studies used home aquaria containing between one and nine fish, with the 440 
exception of one study which used a 265-gallon aquarium with over 25 fish, installed in a 441 
hospital waiting room [63]. One study did not report details of the aquarium set-up [85], and 442 
while another study specified the species of fish which participants were to purchase (Betta 443 
splendens), it was not clear whether all participants adhered to these instructions [86]. Two 444 
studies used videos of fish in aquariums [68,84] and did not specify the size of the 445 
aquariums shown, although one was reported to contain ten neon tetras [68]. The type of 446 
interaction differed between studies and included: passive exposure [53,54,64,65]; actively 447 
watching the fish swimming [63,68,84,85]; interacting with a fish to “try and accustom it to 448 
humans” [62]; and caring for fish in an aquarium in either a hospital [83] or home [60,86] 449 
environment. 450 
Anxiety & relaxation  451 
Reflecting the findings of studies conducted with those who choose to keep home aquaria, 452 
several intervention studies (n = 7) assessed outcomes relating to anxiety or relaxation. A 453 
variety of instruments were used, and so meta-analytical techniques could not be applied. 454 
Two studies assessed whether brief exposure to an aquarium could alleviate anxiety 455 
associated with stress-provoking medical procedures. In Barker et al. [53], patients attending 456 
electroconvulsive therapy treatment were assigned to waiting rooms with or without 457 
aquariums. At the end of the waiting period (approximately 20 minutes) participants 458 
assessed their levels of anxiety using a visual analogue scale. Although participants 459 
reported lower levels of anxiety in the aquarium versus no aquarium condition, this did not 460 
reach a level of statistical significance. Katcher et al. [85] examined whether contemplation 461 
of an aquarium prior to dental surgery reduced anxiety during treatment; this was assessed 462 
by a blind observer who recorded overt signs of anxiety every five minutes throughout the 463 
procedure. Again, anxiety was lower in the aquarium groups compared to the comparator 464 
groups, but this difference was not statistically significant. However, scores from a Treatment 465 
Comfort Index indicated that patients who contemplated an aquarium before their dental 466 
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surgery reported higher levels of comfort during the treatment than those who contemplated 467 
a poster or a blank wall. No differences were found in patient compliance as assessed by the 468 
dentist.  469 
Buttelmann and Römpke [62] also assessed short-term changes in anxiety, this time in 470 
relation to a public speaking task. Student participants were asked to complete a short 471 
presentation on an unfamiliar topic with just five-minutes to prepare; a five-minute 472 
intervention period followed the preparation time during which participants interacted with a 473 
fish, dog, or plant, or were simply told to wait. Anxiety was assessed at baseline, after the 474 
stressor, and after the intervention period using the State scale of the State-Trait Anxiety 475 
Inventory (STAI); a score for each participant was calculated as the percentage of induced 476 
anxiety that was reduced following the intervention, where induced anxiety was calculated as 477 
the change from baseline to post-stressor. Participants who interacted with the fish had a 478 
greater reduction in induced anxiety than participants who received no intervention, and this 479 
reduction was equivalent to that experienced by participants who instead interacted with a 480 
dog or a plant. However, significantly more participants in the dog group experienced a 481 
reduction in anxiety to below baseline levels, relative to the control group; there were no 482 
significant differences between the other groups with regards to this outcome.  483 
Two studies assessed anxiety over longer intervention periods. No change in anxiety was 484 
found for patients awaiting heart transplantation three- or 11-days after fish tanks were 485 
installed in their hospital rooms, as measured using the Multiple Affect Adjective Checklist-486 
Revised (MAACL-R) [83]. Similarly, older adults who were given fish to care for in their own 487 
home experienced no greater reduction in anxiety (measured using the Trait scale of the 488 
STAI) after six-months, than those who received visits from the researcher, or no 489 
intervention [60]. In the latter study however, there was a borderline significant (p = 0.06) 490 
increase in relaxation (a component of the Leisure Satisfaction Scale) for residents in the 491 
aquarium group, compared to the comparator groups; there were no significant differences 492 
between groups for overall leisure satisfaction.  493 
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Outcomes relating to anxiety were assessed in two further studies. In DeSchriver and 494 
Riddick [84] participants viewed either a live fish aquarium, a video of fish swimming or a 495 
placebo video of television lines and static; participants’ responses to a treatment evaluation 496 
questionnaire (adapted from the Leisure Satisfaction Scale) indicated that all activities were 497 
perceived to be equally relaxing. Finally, Edwards et al. [54] found that installation of 498 
aquariums into specialised dementia units was associated with a significant improvement in 499 
carer ratings of residents’ behavioural and psychological symptoms, assessed using the 500 
Nursing Home Disruptive Behaviour Scale. This improvement in behaviour also coincided 501 
with an increase in job satisfaction among staff members, measured using the Assessment 502 
of Work Environment Scale. 503 
Physiological stress 504 
Six studies assessed indicators of physiological stress, although these outcomes were not 505 
reported in one study as the readings appeared to have been influenced by participants’ 506 
movement and speech [62]. Heart rate and/or blood pressure were the most commonly 507 
assessed outcomes, and were typically measured using automated devices (although in one 508 
case the device used was not stated [60]). However, the number and timing of assessments 509 
varied across studies; combined with the heterogeneity in study and intervention design, this 510 
variation made the data unsuitable for meta-analysis.   511 
Two studies assessed whether the presence or contemplation of an aquarium could reduce 512 
heart rate and blood pressure among people undergoing medical procedures [53,85], with 513 
neither study finding a significant effect on either variable (one study did not report the 514 
findings related to heart rate [85]). DeSchriver and Riddick [84] assessed differences in heart 515 
rate, skin temperature and muscle tension between participants who viewed a live fish 516 
aquarium, a fish video, or a placebo video. Heart rate was measured as beats per minute 517 
using an automated device, skin temperature in degrees Fahrenheit using a temperature 518 
meter mounted on the participant’s finger, and muscle tension in microvolts using bicep 519 
 29 
 
electromyography (EMG); no significant differences were found between conditions for any 520 
of these variables. Wells [68] however, found that participants who watched an animal video 521 
(fish, bird or primate) had lower heart rate and blood pressure (systolic and diastolic) after a 522 
subsequent reading aloud task than participants who watched a control video (soap opera or 523 
blank screen). Diastolic blood pressure was also significantly lower immediately after viewing 524 
the video for participants in the animal video groups compared to the control groups; there 525 
were no differences between the animal video conditions. One study examined changes in 526 
blood pressure over longer periods and found that diastolic (but not systolic) blood pressure 527 
was significantly reduced after six months for participants who were given fish to keep in 528 
their own home, but not for those who received visits from the researchers, or had no 529 
intervention [60]. 530 
Affective state 531 
Four studies assessed a range of outcomes relating to participants’ current mood or affective 532 
state. The presence of an aquarium in waiting rooms had no effect on fear, frustration or 533 
aggression (assessed using visual analogue scales) for participants awaiting ECT treatment 534 
[53]. Similarly, responses to the MAACL-R showed no change in depression, hostility, 535 
dysphoria, sensation seeking, or positive affect among patients awaiting heart 536 
transplantation three- or 11-days after aquariums were installed in their hospital rooms [83]. 537 
One study assessed whether happiness (assessed using the Memorial University of 538 
Newfoundland Scale of Happiness) increased after six months for older adults who were 539 
given fish to care for in their own home, but no significant differences were found between 540 
participants in the fish group and those who were visited by the researcher, or received no 541 
intervention [60]. In Buttelmann and Römpke [62], videotapes of the intervention period were 542 
coded for occurrence of laughter (yes/no); significantly more participants in the dog group 543 
were observed laughing compared to all other groups, with no significant differences 544 
between the fish, plant and control groups.   545 
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Loneliness 546 
Riddick [60] used the UCLA Loneliness Scale to assess whether loneliness improved for 547 
participants who were given a fish versus those who received visits from the researcher, or 548 
had no intervention. No significant difference was found between the three groups after six-549 
months, although a trend towards reduced loneliness was seen for those in the visitor group 550 
(p = 0.08). 551 
Nutritional intake & body mass  552 
As weight loss is a risk factor for people with dementia [90], two studies examined whether 553 
introducing fish aquariums into the dining rooms of specialised dementia units could 554 
influence residents’ nutritional intake, and subsequently improve their body mass [64,65]. 555 
Nutritional intake was measured as the amount of food (in grams) consumed at each meal 556 
during the intervention period, and in both studies, was found to significantly increase in the 557 
two weeks following installation. This increase also continued over the following six weeks, 558 
but only to a statistically significant level in one study [64]. In addition, body mass 559 
significantly increased during the months following installation of the aquarium, with average 560 
weight gains of 1.65lbs [64] and 2.2lbs [65] at four months post-installation. No changes in 561 
nutritional intake were observed after two weeks in a non-equivalent control group (n = 17) 562 
used in the earlier study [64].   563 
Pain  564 
One study involving healthy adults explored whether watching fish in an aquarium could 565 
increase participants’ pain threshold [63]. Participants (n = 69) were seated in front of the 566 
aquarium and gripped an electrical stimulation device between their fingers; the device 567 
increased in intensity until participants indicated that they could feel the sensation. The 568 
procedure was then repeated, and participants instead indicated when they first experienced 569 
pain. Assessments made throughout the 30-minute viewing period indicated that, although 570 
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there were no changes in sensation threshold, participants’ pain thresholds were significantly 571 
increased after 5-, 10-, 20-, and 30-minutes compared to baseline readings. They also 572 
remained elevated 10-minutes after viewing ended. No changes in pain threshold were 573 
detected among a subset of participants who were retested while viewing a blank wall for the 574 
same amount of time (n = 12). 575 
Glycaemic control  576 
One study assessed whether pairing fish care duties with diabetes self-management tasks 577 
could lead to improved glycaemic control for adolescents with type 1 diabetes mellitus [86]. 578 
Participants randomly assigned to the intervention group were provided with a fishbowl and 579 
related equipment, and purchased a fish using a gift card provided by the researchers. They 580 
were then instructed to pair twice daily feeds (morning and evening) with blood glucose 581 
readings, and weekly water changes with a caregiver review of their glucose logs. Glycaemic 582 
control was assessed via A1C (an indicator of average blood glucose levels over the 583 
preceding three months) at baseline and follow-up (approximately three months). A 584 
significant improvement was found for the intervention group compared to the control group 585 
(usual care), with younger participants (10-13 years) having a greater response to the 586 
intervention than older participants (14-17 years). This study also assessed whether the 587 
intervention had an effect on generic and health-related quality of life, but no significant 588 
changes were observed from baseline to follow-up.  589 
Secondary outcomes  590 
Most intervention studies reported procedures that were in place to ensure animal welfare. In 591 
the three studies by Edwards and colleagues [54,64,65], the aquariums were specifically 592 
designed for use on a dementia unit; they were self-contained and locked to ensure the 593 
safety of fish and residents, and were automated to reduce the burden on staff. Two studies 594 
used aquarium servicing companies [53,83], with one also stating that participants were 595 
responsible for feeding the fish and had to place their initials on a feeding calendar to 596 
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prevent under/over-feeding [83]. Buttelmann and Römpke [62] reported that when data 597 
collection was underway, one of five fish was taken from a communal tank and placed in a 598 
smaller goldfish bowl for the duration of the intervention, with the fish used in rotation to 599 
reduce stress; procedures were also in place to minimise stress experienced by the dog 600 
used as a comparator. Of the two studies in which participants kept fish in their own home, 601 
one reported that the tanks were initially maintained by the researchers and the participants, 602 
with the participants taking greater responsibility for fish care over the course of the study. 603 
Participants were also provided with information and literature on feeding and signs of fish 604 
illness, and could contact the researchers via telephone 24-hours a day [60]. The second 605 
study stated that participants were provided with instructions on how to care for their fish, but 606 
did not report any involvement in fish care on the part of the researchers [86]. This study 607 
also reported that the fish of two participants had to be replaced due to them dying during 608 
routine fish care, although it was not reported whether the cause of these deaths was 609 
known, or whether steps were taken to prevent future mortalities. Otherwise, no studies 610 
reported whether the welfare of the fish was affected due to their involvement in the 611 
research, so it is unclear whether these procedures were effective in practice. Similarly, no 612 
studies reported whether participants experienced adverse effects because of the 613 
interventions. Several studies provided anecdotal reports that participants responded 614 
positively to the interventions, however, none collected and reported these data in a rigorous 615 
and systematic manner.  616 
Public aquariums  617 
Four studies reported in three papers related specifically to public aquariums. Two were 618 
conducted within an aquarium setting [87,88] and two (published in the same paper) used 619 
images of public aquarium exhibits [61]. Participants were either student samples [61,87] or 620 
healthy adults [88]. Sample sizes ranged from 39 to 165 (M = 82); all samples included male 621 
and female participants (68 to 76% female) and mean ages ranged from 19.5 to 24.0 years 622 
(one study reported only the age range of participants as 18 to 68 years [88]). Two studies 623 
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were within-subjects designs with control groups [61], one was a before-and-after study [88], 624 
and one was between-subjects with pseudo-randomisation [87]. Interactions included very 625 
brief exposure to images [61], viewing a 550,000-litre exhibit at various levels of stocking 626 
[87], and physically interacting with stingrays at a touch-tank [88].  627 
Two studies [87,88] examined changes in self-reported mood and physiological outcomes 628 
after interacting with fish at public aquarium exhibits. In Cracknell et al. [87], assessments 629 
using the Feeling Scale and Felt Arousal Scale indicated that participants’ affective state 630 
significantly improved, and their levels of arousal significantly reduced after viewing an 631 
aquarium exhibit for 10-minutes, with no significant differences between three levels of 632 
stocking (unstocked, partially stocked and fully stocked). Similarly, blood pressure reduced 633 
in all conditions but there were no significant differences between the stocking conditions. 634 
However, heart rate was influenced by level of stocking, with significantly greater reductions 635 
observed in the partially and fully stocked conditions compared to the unstocked condition. 636 
In Sahrmann et al. [88], heart rate was found to be elevated and less variable while 637 
interacting with stingrays at a touch-tank, compared to before or after contact with the 638 
animals. Three dimensions of mood were assessed using the University of Wales Institute of 639 
Science and Technology Mood Adjective Checklist (UMACL); hedonic tone and energetic 640 
arousal were significantly increased, and tense arousal was significantly decreased, after the 641 
10-minute interaction period compared to before contact. This is indicative of a short-term 642 
increase in physiological stress when touching the animals, but a decrease in mental stress 643 
after leaving the exhibit.   644 
In two studies [61], participants rated photographs of different environments on four 645 
dimensions of preference; the pleasantness of the scene, how willing they would be to 646 
display the image, how the image made them feel, and – of most relevance to this review – 647 
the perceived restorativeness of the scene. In study 1, public aquarium exhibits were 648 
compared to different natural and manmade environments. Aquariums were rated equally to, 649 
or higher than all other environments for all dimensions except perceived restorativeness, 650 
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which was higher for aquatic environments (e.g. coastal landscapes). In study 2, different 651 
aquarium exhibits were compared. The findings indicated that tropical exhibits were 652 
preferred over temperate ones, and vertebrates were preferred over invertebrates; higher 653 
levels of biota were also preferred, but preference for species richness differed according to 654 
whether the exhibit was tropical or temperate (see Table 3 for further details). 655 
Secondary outcomes 656 
Of the studies relating to public aquariums two involved live animals; both used procedures 657 
which reflected typical visitor behaviours, and so animal welfare concerns were unlikely to be 658 
increased as a result of the research. Furthermore, Sahrmann et al. [88] reported that 659 
participants were shown proper touch techniques before being allowed to interact with the 660 
stingrays. Additionally, both studies asked participants about their feelings towards the 661 
exhibits. In Cracknell et al. [87] participants’ responses to evaluative statements indicated 662 
that they enjoyed watching the exhibit, found it interesting, felt better after watching, and 663 
would be happy to watch again. Furthermore, as the levels of stocking increased, 664 
participants’ responses became more positive. In Sahrmann et al. [88], 80% of participants 665 
gave positive responses to an open-ended question about their experience of the exhibit. 666 
Adverse events to participants were not reported in either study, however, Sahrmann et al. 667 
[88] stated that 7% of participants indicated they felt nervous, anxious or unsure when 668 
touching the animals. As the two studies by Cracknell et al. [61] used photographs in a 669 
laboratory setting, adverse events to participants were unlikely to have occurred, and there 670 
were no animal welfare concerns.  671 
Risk of bias in included studies  672 
Qualitative studies 673 
Two studies were assessed using the NICE Quality Appraisal Checklist for qualitative 674 
studies [78]. Of these two studies, one used methods appropriate to the study aims and took 675 
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steps to ensure rigor and trustworthiness [52]. However, the use of snowball sampling and a 676 
lack of clarity regarding whether two researchers were involved in the entire analytical 677 
process introduced some risk of bias to this study. By contrast, the second study consistently 678 
lacked sufficient detail to make sound judgements about risk of bias and the defensibility of 679 
conclusions [81]. The study aims were not clearly stated, and there was insufficient 680 
description of the methods and data analyses to determine whether these were appropriate. 681 
As such, the findings of this study should be treated with caution. Further details are 682 
provided in S4 Appendix. 683 
Quantitative studies reporting a correlation 684 
One study [82] was assessed using the NICE Quality Appraisal Checklist for quantitative 685 
studies reporting correlation/association [78]. This study involved a survey design to assess 686 
whether the presence of interior amenities (including aquariums) is related to self-rated 687 
health among hospital medical directors; therefore, the research relied on self-report data 688 
which can be highly subjective. Additionally, while the study controlled for personal 689 
characteristics, work status and work stresses, it is unlikely that all possible confounders 690 
were considered; health-related behaviours and pre-existing medical conditions for instance,  691 
were not assessed but are likely to impact self-rated health status. Finally, the response rate 692 
was fairly low (32.83%), so it is unclear whether the included participants were 693 
representative of the source population. 694 
Quantitative intervention studies 695 
The remaining sixteen studies were assessed using the NICE Quality Appraisal Checklist for 696 
quantitative intervention studies [78]. One study was reported as a (pilot) randomised 697 
controlled trial (RCT) – usually considered the most rigorous form of experimental study 698 
design – and three others used between-subjects designs with random allocation [68,84,85]. 699 
Each of these studies had high or unclear risk of bias (see S4 Appendix for further details). 700 
One study reported that a randomisation schedule was developed using a computerised 701 
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random number generator, and that this sequence was concealed until allocation, however, 702 
it was not clear how participants were allocated to this sequence [86]. No other studies 703 
reported the method of randomisation or whether allocation was concealed. One study 704 
reported that participants in the intervention and control groups were similar at baseline [86], 705 
and a second stated that groups were balanced in terms of age and gender, although 706 
participants’ baseline scores appeared to differ across conditions [84]. The remaining two 707 
studies did not report whether groups were similar at baseline [68,85]. 708 
Non-randomised, between-subjects designs were used in three studies [60,62,87]. One 709 
allocated participants on the basis of specific characteristics to ensure similarity between 710 
groups at baseline; whether balance was truly achieved is unclear however, as the authors 711 
did not provide descriptive statistics to support this statement [62]. Allocation could not be 712 
randomised in the second study due to the demands of the study site, and some differences 713 
between groups were observed at baseline [87]. In the final study, the control group was 714 
handpicked by the centre manager, and allocation to intervention conditions was based 715 
primarily on participants’ preferences; thus this study is subject to substantial bias [60].  716 
Within-subjects or crossover designs were used in three studies, reported in two papers 717 
[53,61]. In two studies, the order of presentation was randomised and determined by a 718 
computer, thus concealing allocation [61]. In the third, participants were allocated on a first-719 
come basis due to the needs of the service and allocation was not concealed [53].  720 
Six studies used before-and-after [54,63,83,88] or time series [64,65] designs. Although two 721 
[63,64] included a small number of participants from the treatment group in a control group, 722 
both analysed results from each group separately and based conclusions predominantly on 723 
findings from the treatment group in isolation, therefore, these two studies are considered 724 
alongside those without a comparator. Uncontrolled designs are typically considered to have 725 
low internal validity, and as only two studies interpreted results in relation to existing trends 726 
[64,65], it is unclear whether the results observed in these studies differ from those which 727 
would have been observed naturally over time.  728 
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Several potential sources of bias were present across included studies, irrespective of 729 
design. Blinding of participants was impossible due to the nature of the interventions (as 730 
people can see the fish), although some studies did report that participants were unaware of 731 
the study aims during data collection [53,68,87]. Three studies reported blinding of study 732 
personnel [53,62,85] but in two cases this applied only to certain aspects of data collection, 733 
specifically, scoring of visual analogues scales [53] and coding of videos [62]. Only one 734 
within-subjects study reported using a sufficient washout period between conditions [64], and 735 
contamination may have been an issue in studies where participants had access to the fish 736 
tank between testing sessions [84], or could have visited neighbours assigned to the 737 
aquarium group [60]. Most studies provided an adequate description of the aquariums, 738 
although additional details such as the species of fish used would have been beneficial in 739 
some cases; only one study provided no details of the aquarium set-up [85]. In two studies, 740 
adequacy of exposure could be questioned; Sahrmann et al. [88] reported that visits to the 741 
touch-tank typically last around 20 minutes, but the intervention period lasted only ten, while 742 
Cole and Gawlinski [83] stated that the type of patients included in their study usually 743 
experience a waiting time of two months, but the longest follow-up was just 11-days 744 
(although it is noteworthy that this was a pilot study). In one study, exposure to the 745 
intervention and control were non-equivalent by design of the research [64], and in another it 746 
was unclear if length of exposure was standardised, or determined by the participant [61].  747 
In some studies, methods of statistical analysis were unclear or inadequately reported 748 
[53,60,62,83–86]. Several inappropriately used multiple comparisons in place of a single 749 
omnibus test [61,63–65,87] and some also used parametric tests for Likert-type data which 750 
may be considered inappropriate (although this is highly debated) [54,61,87]. Only two 751 
studies reported conducting power analyses. In one study these were conducted on a post-752 
hoc basis and so are of limited value [53], while in the second the data used as a basis for 753 
the power analysis was not clearly described [86]. Dropout rates were reported in only two 754 
studies [54,60] and while both were at an acceptable level (<10%), neither conducted an 755 
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intention-to-treat analysis. One study reported excluding a participant because they bought a 756 
fish when assigned to the control group [86]. The problem of missing data was discussed in 757 
a further four studies [53,62,87,88] and was typically dealt with by excluding participants with 758 
incomplete data from the analyses. 759 
Only two studies adequately described the recruitment and selection process [60,88], but 760 
one of these reported that participants for the control group were handpicked by the service 761 
manager (thus risk of bias was high) [60]. Most other studies provided some details such as 762 
the inclusion/exclusion criteria, but these were insufficient to determine whether risk of bias 763 
was minimised. Descriptions of participant characteristics were limited in most studies, with 764 
one providing no information about the sample [85]. For these reasons, it is unclear whether 765 
the findings from most studies are generalizable to the source populations.  766 
Reporting biases 767 
Evidence of potential selective reporting was identified in some studies. Katcher et al. [85] 768 
reported collecting heart rate data but this outcome was not included in the results section of 769 
the article. Similarly, in discussion of their research findings, Edwards and Beck [64] referred 770 
to data which indicated reduced use of nutritional supplements among participants, but this 771 
outcome was not discussed in either the methods or results sections. A third study [62] did 772 
not present data collected regarding heart rate and blood pressure, however the authors 773 
explained the reason for this exclusion; the data failed to show successful anxiety induction 774 
in over 50% of participants, and may have been influenced by participants’ movements and 775 
speech. Aside from omission of specific outcomes, some studies did not sufficiently report 776 
results, for instance failing to provide full details of the statistical test and significance levels 777 
[83], or not reporting the results of post hoc testing [60]. For one study, a lack of detail 778 
regarding the methodology made it difficult to determine whether results were presented in 779 
full [81]. Due to heterogeneity in study outcomes it was not possible to assess for evidence 780 
of publication bias using statistical methods (i.e. funnel plots). However, given that included 781 
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studies were limited to those published in the English language, and that additional research 782 
was identified during the search but could not be accessed, it is probable that some relevant 783 
research was unintentionally omitted.  784 
Strength of evidence  785 
Strength of evidence assessments were made using the Weight of Evidence approach [80]. 786 
For this review, ratings of study quality (Weight of Evidence A) corresponded directly to the 787 
assessments made using the NICE Quality Appraisal Checklists [78] (see Table 3). Studies 788 
with high risk of bias (-) were rated as ‘low’ (n = 12) and studies with unclear risk of bias (+) 789 
were rated as ‘medium’ (n = 7). As no studies were assessed as having low risk of bias (++), 790 
no studies were rated as ‘high’ for this criterion (see Tables 4 and 5 for more details). 791 
 Table 4. Weight of Evidence assessments for psychological outcomes  792 
First author and year 
Weight of 
Evidence A: 
Quality 
Weight of 
Evidence B: 
Research design 
Weight of 
Evidence C: 
Relevance 
Weight of 
Evidence D: 
Overall weight 
Fish as companion animals 
Kidd 1999 [81] Low Low Low Low 
Langfield 2009 [52] Medium Low Medium Medium 
Correlational studies 
Lin 2013 [82] Medium Low Low Low 
Intervention studies 
Barker 2003 [53] Medium Medium High Medium 
Buttelmann 2014 [62] Low Medium High Medium 
Cole 2000 [83] Low Medium High Medium 
DeSchriver 1990 [84] Low High High High  
Edwards 2014 [54] Low Medium High Medium 
Katcher 1984 [85] Low High High High  
Maranda 2015 [86] Medium High High High 
Riddick 1985 [60] Low Low High Low 
Public aquariums 
Cracknell 2016 [87] Low Medium High Medium 
Cracknell 2017, Study 1 [61] Medium High Medium Medium 
Cracknell 2017, Study 2 [61] Medium High Medium Medium 
Sahrmann 2016 [88] Low Medium High Medium 
Table 5. Weight of Evidence assessments for physiological outcomes  793 
Study ID 
Weight of 
Evidence A: 
Quality 
Weight of 
Evidence B: 
Research design 
Weight of 
Evidence C: 
Relevance 
Weight of 
Evidence D: 
Overall weight 
Correlational studies 
Lin 2013 [82] Medium Low Low Low 
Intervention studies 
Barker 2003 [53] Medium Medium High Medium 
DeSchriver 1990 [84] Low High High High 
Edwards 2002 [64] Low Medium High Medium 
Edwards 2013 [65] Low Medium High Medium 
Katcher 1984 [85] Low High High High 
Maranda 2015 [86] Medium High High High 
Riddick 1985 [60] Low Low High Low 
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Sanchez 2015 [63] Low  Medium High Medium 
Wells 2005 [68] Medium High High High 
Public aquariums 
Cracknell 2016 [87] Low Medium High Medium 
Sahrmann 2016 [88] Low Medium High Medium 
 794 
With regards to study design (Weight of Evidence B), studies were rated as ‘high’ if they 795 
used randomised experimental designs (n = 6), and ‘medium’ if they used other 796 
experimental designs (n = 9). The exception was the study by Riddick [60] which was rated 797 
as ‘low’ despite using a non-randomised experimental design; this was due to the 798 
inappropriate methods of allocation (participant choice and hand selection by the centre 799 
manager). Studies using qualitative or correlational designs (n = 3) were rated as ‘low’ 800 
because these studies did not directly assess how interacting with fish in aquariums 801 
influences well-being outcomes. 802 
The majority (n = 14) of studies received a rating of ‘high’ for relevance (Weight of Evidence 803 
C), as the findings related directly to the review question(s). Two studies were downgraded 804 
to ‘medium’ as they used photographs and assessed the perceived restorativeness of 805 
various public aquarium exhibits, rather than measuring actual changes in restoration 806 
outcomes (e.g. mood, physiological stress) [61]. One qualitative study [52] was also 807 
downgraded to ‘medium’ as, while an insight into the psychological benefits of interacting 808 
with fish in aquariums was given, well-being outcomes were not directly assessed. The 809 
second qualitative study [81] was rated as ‘low’ because the data were extremely limited, 810 
and there was inadequate description of the aims, design and results to determine the 811 
relevance of the study. Finally, the one study using a correlational design [82] was given a 812 
rating of ‘low’ for relevance because aquaria were a very small part of the study, and no 813 
description was given regarding the nature of the aquariums or the ways in which 814 
participants interacted with the fish they contained.  815 
The overall weight for each study (Weight of Evidence D) was assigned based on the most 816 
common rating from the first three criteria. Most studies (n = 12) achieved an overall weight 817 
of ‘medium’, with three rated as ‘low’ [60,81,82] and four as ‘high’ [68,84–86]. The lowest 818 
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weighted evidence came from studies using correlational designs, or involving individuals 819 
who already kept fish as companion animals; two studies were rated as ‘low’ and one as 820 
‘medium’. By comparison, evidence from the intervention studies was weighted more 821 
strongly; one study was rated as ‘low’, seven as ‘medium’ and four as ‘high’. Evidence from 822 
public aquarium studies was more consistent, with all four studies achieving an overall 823 
weight of ‘medium’. 824 
With respect to the two review questions, psychological and physiological well-being were 825 
explored in fifteen and twelve studies, respectively. In both cases the majority of studies 826 
were assigned an overall weight of ‘medium’ (n = 9 for psychological outcomes, n = 6 for 827 
physiological outcomes). However, three studies relating to psychological well-being were 828 
rated as ‘low’ and three as ‘high’, whereas four studies assessing physiological well-being 829 
achieved an overall weight of ‘high’, with only two rated as ‘low’. This suggests that the 830 
evidence relating to the physiological benefits of interacting with fish in aquariums may be 831 
slightly stronger than that relating to the psychological benefits. It is noteworthy however, 832 
that many studies relating to both types of outcome were ‘upgraded’ due to the high 833 
relevance of the evidence and the suitability of research designs, but had a high risk of bias 834 
(see Tables 4 and 5 for details). Thus, while research related to physiological outcomes may 835 
be slightly stronger than that relating to psychological outcomes, overall the strength of 836 
evidence was fairly low and substantial limitations were present in both evidence bases. 837 
Discussion    838 
The purpose of this review was to investigate the psychological and physiological benefits of 839 
interacting with fish in aquariums. Nineteen studies were included in the review, 840 
encompassing those relating to the benefits of keeping fish as companion animals, 841 
correlational studies, and research involving novel interactions with fish in home or public 842 
aquariums. The strength of evidence relating to physiological outcomes was slightly higher 843 
than for psychological outcomes, however both evidence bases had mixed results. Of the 844 
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fifteen studies that explored psychological outcomes, four studies of medium weight 845 
observed positive effects associated with human-fish interactions [52,54,62,88], but six (n = 846 
1, high; n = 3, medium; n = 2, low) found only partial support [60,61,81,85,87] and five (n = 847 
2, high; n = 2, medium; n = 1, low) found no effect [53,83,84,86]. Similarly, a positive effect 848 
on physiological outcomes was observed in six of twelve studies (n = 2, high; n = 4, medium) 849 
[63–65,68,86,88], but partial support was found in two (n = 1, medium; n = 1, low) [60,87], 850 
and no effect in four (n = 2, high; n = 2, low) [53,84,85]. Furthermore, there was substantial 851 
clinical and methodological heterogeneity between included studies, and risk of bias was 852 
either high or unclear. These factors must therefore, be considered when drawing 853 
conclusions from this collection of studies.  854 
Reflecting the widespread belief that watching fish swimming is relaxing, there was tentative 855 
evidence from two studies (rated ‘low’ and ‘medium’ for weight of evidence) that keeping fish 856 
as companion animals is associated with benefits such as stress reduction and increased 857 
relaxation. Other benefits were also identified, including happiness and companionship. Not 858 
all participants shared these experiences however, with some reporting no benefits from 859 
keeping home aquaria. This reflects the inconsistency of research findings more widely in 860 
the field of HAI, specifically, the lack of conclusive evidence to demonstrate a direct link 861 
between companion animal guardianship (irrespective of the type of animal) and improved 862 
well-being [21].  863 
One possible explanation for these inconsistent findings is that the benefits of companion 864 
animal guardianship are mediated by the strength of the attachment between a human and 865 
their companion animal [41,91,92]. In both studies, variation was apparent in the level of 866 
attachment fish owners had to their animals; some participants indicated a strong 867 
attachment bond, while others indicated difficultly in forming attachments due to a lack of 868 
reciprocal affection from their fish. This variation may therefore account for the divergent 869 
experiences of those who keep fish as companion animals. Similarly, there were differences 870 
between participants in the degree to which they were involved in the care of their fish. One 871 
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study noted that most participants were responsible for feeding the fish themselves, but 872 
some shared this responsibility with other family members [81]; participants in the second 873 
study noted that different species require different levels of care [52]. As increased effort can 874 
lead to people placing greater value on the product of that effort [93], home aquaria owners 875 
who take a greater role in the care of their fish may perceive more benefits from their 876 
animals than those who take a lesser role. Alternatively, as research has indicated that the 877 
beneficial effects of companion animal guardianship may be mediated by factors such as 878 
sociodemographic characteristics and health-related behaviours [19,22,23], individual 879 
differences between people who keep fish may explain some of the variation in findings. 880 
Future research should therefore, consider how differences in attachment, involvement in 881 
companion animal care, and population characteristics may account for variation in the 882 
experiences of those who keep fish as companion animals.   883 
The findings from intervention studies were largely inconclusive. In contrast to research with 884 
other animals such as dogs and cats (for meta-analysis see Ein et al. [94]), there was little 885 
evidence that fish aquarium-based interventions help to reduce psychological and 886 
physiological stress or anxiety. Promisingly, one highly weighted and two medium weighted 887 
studies found significant positive effects on outcomes related to physiological stress and 888 
anxiety or related outcomes [54,62,68]. However, two studies (one weighted high, one low) 889 
found only partial support [60,85] and three studies (one high, two medium) found no 890 
significant effects [53,83,84]. Similarly, while previous research has linked contact with 891 
animals to reduced loneliness [5,95], acquisition of a fish tank had no effect this outcome 892 
among older adults after six months (although the only study to explore this outcome was 893 
weighted low for strength of evidence, and had substantial risk of bias) [60]. As is common 894 
with research into HAI [25,26] however, many studies had small sample sizes and thus may 895 
have been underpowered. As several studies with smaller samples observed greater 896 
improvements in the aquarium versus comparator groups, the possibility that these 897 
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differences may have become statistically significant given sufficient power cannot be 898 
rejected. 899 
Alternatively, individual differences in participant characteristics may account for some of the 900 
variation in study findings. Ein et al. [94] for example, observed that pet therapy (with dogs 901 
and cats) reduced heart rate for healthy adults but not clinical samples and reduced 902 
subjective stress/anxiety among adults but not older adults. It was argued that these 903 
moderating effects may be due to the use of medication among clinical samples, and greater 904 
emotional stability in older adults. Although substantial clinical and methodological 905 
heterogeneity precluded the use of moderator and subgroup analyses in the current review, 906 
it is plausible that participant characteristics may have had similar moderating influences on 907 
the effectiveness of human-fish interaction. For instance, of the five studies assessing 908 
physiological stress, four involved clinical populations or older adults, and found either no 909 
effect [53,84,85] or only mixed evidence [60]. Conversely, the final study involved a student 910 
sample and found significant improvements in heart rate and blood pressure associated with 911 
watching videos of fish [68]. While medication usage was not considered within these 912 
studies, it is possible this discrepancy in results may be at least partially accounted for by a 913 
higher level of medication use among the clinical and older adult samples, compared to 914 
student samples. 915 
There was some support for the effectiveness of fish aquarium-based interventions on pain 916 
[63], nutritional intake and body mass [64,65], but attribution of these effects to human-fish 917 
interaction is limited by poor study design. For instance, in the two studies by Edwards and 918 
Beck [64,65], staff members were required to track residents’ food intake by physically 919 
weighing their food at mealtimes; as nursing home staff often overestimate food intake 920 
among residents [96], tracking levels of consumption in this manner may have led to 921 
increases in residents’ nutritional intake simply by raising staff members’ awareness of 922 
undereating. As these (and other) studies lacked appropriate control groups, it is not 923 
possible to separate any effects of the aquarium from other factors associated with the 924 
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research, or from any changes that would have occurred naturally over time [26]. Other 925 
common methodological concerns were the lack of randomisation, allocation concealment, 926 
and blinding of study personnel; it is noteworthy however, that these methodological 927 
concerns are not uncommon in other areas of HAI research [25,26]. 928 
In some intervention studies the observed benefits may have been attributable to factors 929 
other than human-fish interaction. For instance, one study found that pairing diabetes self-930 
management tasks with routine fish care activities led to improved glycaemic control among 931 
adolescents with type 1 diabetes [86]. Arguably however, the fish may not have been an 932 
integral component of this intervention; self-management behaviours may be paired with any 933 
regular activity, such as mealtimes, and waking or sleep routines [97]. While it is possible 934 
that adolescents may have greater motivation to adhere to an intervention because it 935 
involves interaction with live animals [33], without direct comparison of fish care tasks to 936 
other routine activities, it is impossible to determine whether the fish were a necessary 937 
component of this intervention. Likewise, while Buttelmann and Römpke [62] found that 938 
interacting with a single fish in a goldfish bowl reduced anxiety to a greater extent than no 939 
intervention, this effect was equivalent for participants who instead interacted with a dog or a 940 
plant. Although a substantial body of research would predict benefit from interacting with a 941 
dog, it is less clear that these benefits should be observed from interacting with a single 942 
plant (although there is some evidence that the presence of indoor plants has psychological 943 
benefits (for overview see Bringslimark et al. [98]), this research usually focuses on passive 944 
exposure and so the interaction within the current study – brushing the leaves of the plant 945 
with water – was not typical). As such, the authors acknowledged that these findings may be 946 
attributed to simple distraction, and so could be achieved with a variety of other activities 947 
provided they are engaging for the individual [33,42].  948 
Similarly, while the findings related to public aquariums were generally quite positive, it was 949 
not always clear whether these benefits were the direct effect of human-fish interaction. 950 
Cracknell et al. [87] observed improvements in all participants irrespective of whether any 951 
 46 
 
fish species were present in the public aquarium exhibit. This suggests that benefits may be 952 
experienced from exposure to underwater scenes even in the absence of live animals, a 953 
finding which better aligns with theories of restorative environments than HAI. Interestingly 954 
however, heart rate did improve to a greater extent as the abundance of fish increased, and 955 
higher stocking levels were associated with longer viewing times in a separate sample of 956 
participants [87]. Furthermore, photographs of aquariums were rated more highly when 957 
displaying a higher abundance of fish, although preference for diversity of species differed 958 
between tropical and temperate exhibits [61]. These findings suggest that there may be 959 
additional benefits to interacting with live animals compared to other stimuli; as there are 960 
risks and animal welfare concerns associated with HAI [12,51], additional research is 961 
needed to corroborate these findings.  962 
Strengths  963 
The major strength of this review is that it is the first attempt to systematically examine the 964 
psychological and physiological benefits of interacting with fish in aquariums. One previous 965 
review has addressed this topic [76], but the narrative account focused on research from a 966 
restorative environments perspective and did not use a systematic approach. Consequently, 967 
evidence relevant to the current research questions was excluded, whereas the systematic 968 
approach used in the current review led to a more comprehensive overview of the research 969 
findings. The specification of inclusion/exclusion criteria also ensured that research met a 970 
minimum standard for inclusion; HAI research has often relied on evidence from poor quality 971 
sources that lack stringent peer review, such as books and conference proceedings [99], but 972 
evidence from these sources was excluded from the current review. While studies of any 973 
design were included, assessing risk of bias and the strength of the evidence ensured that 974 
the research findings were considered in the context of methodological limitations. Overall, 975 
by using a systematic approach and adhering to PRISMA guidelines [77], this review 976 
provided a more rigorous and reliable synthesis of the research evidence, while aiming to 977 
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meet the standards of transparency and reporting widely expected in other areas of health-978 
related research.   979 
Limitations 980 
There are a number of limitations to this review which should be acknowledged. Firstly, bias 981 
may have been introduced by limiting included studies to those published in the English 982 
language. Furthermore, three potentially relevant studies could not be included due to issues 983 
in gaining access to the full-text, or for copyright reasons (in all cases attempts to 984 
identify/contact the authors were unsuccessful). As two of these studies were unpublished 985 
theses, this may signify the presence of publication bias; however, it was not appropriate to 986 
assess for publication biases statistically due to heterogeneity in study outcomes.  987 
The major limitations of this review were however, the scope and quality of the current 988 
research evidence. While the inclusion criteria were deliberately broad to maximise results, 989 
only nineteen studies were included in the review; however, despite this small number of 990 
included studies, there was substantial clinical and methodological heterogeneity, which 991 
made it difficult to draw comparisons across research findings. Furthermore, in all studies 992 
risk of bias was either high or unclear, and the strength of evidence was fairly low, with only 993 
four of nineteen studies achieving a rating of ‘high’ for weight of evidence. While the 994 
identification of these limitations is crucial to support the development of future research, 995 
these inconclusive findings are unhelpful to practitioners wishing to provide their clients with 996 
evidence-based advice or interventions.  997 
Future directions  998 
Reflecting the field of HAI more broadly, there is a need for future research to address the 999 
discussed methodological limitations, and minimise sources of bias. Intervention studies 1000 
should aim to meet the “gold standard” of RCTs, or use appropriate alternatives where this is 1001 
not a possibility (for overview see Kazdin [26]). Given the particularly low strength of 1002 
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evidence relating to keeping fish as companion animals, there is also a need for large-scale 1003 
observational research to better explore the effects of home aquaria ownership on well-1004 
being; this could be achieved through the incorporation of questions about companion 1005 
animal guardianship into existing longitudinal studies [19,28]. Both experimental and 1006 
observational research should take into consideration any mediating effects of attachment, 1007 
sociodemographic characteristics, and health-related behaviours. Furthermore, as 1008 
examining commonalities in qualitative research findings may be key in identifying the 1009 
mechanisms underlying HAI [26], there is a need for additional qualitative research on the 1010 
topic of human-fish interaction.   1011 
Aside from addressing methodological limitations, there are several opportunities for future 1012 
research highlighted by this review. While most of the intervention studies were conducted 1013 
within specific clinical populations, there was preliminary evidence that human-fish 1014 
interaction may be beneficial among non-clinical samples. For example, one study found that 1015 
student anxiety decreased following brief interactions with a single fish in an aquarium [62], 1016 
and another observed an improvement in job satisfaction among staff working in dementia 1017 
units following the installation of fish aquariums (although it is unclear whether this was due 1018 
to the presence of the aquariums or improvements in residents’ behaviour) [54]. These 1019 
findings reflect research with dogs which has indicated that HAI may be beneficial in 1020 
educational [100,101] or workplace environments [102]. Future research may therefore, wish 1021 
to explore the influence of interaction with fish in aquariums on student or employee well-1022 
being, although it is noteworthy that one study found no relationship between hospital 1023 
medical directors self-rated health and the presence of aquariums in their working 1024 
environment [82]. Additionally, as all but one of the included studies were conducted within 1025 
adult populations, it would be of interest to further explore whether interacting with fish in 1026 
aquariums is beneficial for the well-being of child or adolescent participants.  1027 
Another potential avenue of investigation is to explore which aspects of fish aquariums 1028 
contribute to improved well-being. Research in public aquariums indicated that the 1029 
 49 
 
abundance of fish and diversity of species may have a positive impact on well-being 1030 
outcomes [61,87], but it is currently unclear whether this translates into home aquaria. 1031 
Furthermore, as this research observed benefits associated with exposure to an unstocked 1032 
aquarium exhibit [87], future research should take into consideration the presence of 1033 
additional aquarium features, such as other animals (e.g. snails, shrimp, corals), plants or 1034 
ornaments, and whether the sound of running water produced by a fish tank plays a role in 1035 
relaxation [52]. Similarly, consideration should also be given to the type of human-fish 1036 
interaction. For instance, one study found positive effects associated with interacting with 1037 
stingrays at an aquarium touch tank [88], but this interaction is very atypical in the context of 1038 
this review. Thus, while the study furthers the evidence base regarding the benefits of 1039 
human-fish interaction, it is unclear whether these effects will translate to the benefits of fish 1040 
aquaria more broadly. Moreover, variation also exists within more common forms of 1041 
interaction; being involved in the care of the animals may for example, lead to different 1042 
effects than simply watching fish swimming, and the effectiveness of interventions may be 1043 
influenced by intensity of exposure, such as the duration and frequency of the human-fish 1044 
interaction. 1045 
Finally, future research should consider the impact of human-fish interactions on the animals 1046 
involved. At present, much research into the health benefits of HAI has focused on human 1047 
well-being, an approach which has been criticised as being human-centred [103,104]. Some 1048 
researchers have therefore argued for a greater emphasis on the reciprocal nature of HAI, 1049 
with animals considered active participants in human-animal encounters [20,104]. While 1050 
research with other species (typically dogs) has begun to investigate the impact of HAI on 1051 
the animals involved, the effects of human-fish interaction on the fish involved were largely 1052 
absent from the studies in this review. One paper reported that the fish of two participants 1053 
died during routine fish care and were replaced [86], but did not specify whether the cause of 1054 
these deaths was known, or whether steps had been taken to prevent future mortalities. No 1055 
other studies reported whether the fish experienced any adverse effects of the interactions, 1056 
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and no studies directly assessed fish welfare. Therefore, future research exploring the health 1057 
benefits of interacting with fish in aquariums should at minimum report whether (or not) any 1058 
adverse effects to animal welfare are experienced as a result of human-fish interactions.  1059 
Parallel to this, additional research is needed to determine the effectivity of non-live 1060 
alternatives, such as videos of fish swimming. As such interactions provide exposure to 1061 
animals (albeit in simulated form) while eliminating animal welfare concerns, they may 1062 
provide a suitable substitution for live fish aquariums. At present only two studies (to our 1063 
knowledge) have investigated the benefits of watching fish videos [68,84], with conflicting 1064 
findings. More broadly however, research has identified that robotic animals may have 1065 
positive effects on well-being outcomes, such as loneliness, depression, and anxiety in older 1066 
adults [105,106]. Thus, it is possible that non-live alternatives to fish aquaria, such as videos, 1067 
robotic fish, or computer simulations, may benefit human well-being while eliminating risks to 1068 
both the human and the animal. However, more research is needed before conclusions can 1069 
be drawn.   1070 
Conclusion 1071 
The findings of this review provide tentative support that interacting with fish in aquariums 1072 
may be beneficial for psychological and physiological well-being among humans. Although 1073 
findings were mixed, many studies had small sample sizes, so it is possible significant 1074 
effects would have been detected given adequate power. Conversely however, many 1075 
studies were subject to methodological limitations and had high or unclear risk of bias. 1076 
Therefore, more research is needed before firm conclusions can be drawn. Future research 1077 
on this topic should be well powered, and aim to use robust methodologies that minimise 1078 
potential sources of bias. Consideration should also be given to any factors which may 1079 
influence the effects of human-fish interaction, such as participant characteristics, features of 1080 
the aquarium, or the type of interaction between the human and the animals. Finally, the 1081 
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details of the study design, and in particular the human-fish interaction, should be clearly 1082 
described to allow for replication.  1083 
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